Recent band structure calculations showed 3-8 that the MTSC in MgB 2 can be attributed to strong electron-phonon coupling, a rather high density of states from 2D (in-plane) metallic boron σ(p x,y ) bands at E F and the existence of p x,y -band holes.
By now, a number of studies have been performed with NMR [9] [10] [11] which is a very powerful technique for investigating the properties of MTSC MgB 2 . The interpretation of the measured quadrupole interactions is based on the value of the electric field gradient (EFG), which is directly related to the quadrupole charge distribution of the electron density around the probe nucleus. Theoretical EFG studies are important in order to give the reliable interpretation of the experimental data and to connect them with the peculiarities of electronic structure and chemical bonding.
In this paper, we present results of the first-principles full-potential LMTO-GGA 12 calculations (within the generalized gradient approximation for the exchange correlation potential) of the electronic band structure and the EFG's at the boron sites for MTSC MgB 2 and other diborides (BeB 2 , AlB 2 , ScB 2 , TiB 2 , VB 2 and CrB 2 ) and compare them with experimental EFG's and other theoretical data.
The band structures of MgB 2 , BeB 2 , AlB 2 and ScB 2 , TiB 2 , CrB 2 are shown in Fig.1 and Fig.2 , respectively. There are two distinct sets of B 2p-bands: σ (2p x,y ) and π (p z )-types, whose k dependence differs considerably. The B 2p x,y bands are quasi-two dimensional (2D) along the Γ − A line and make a considerable contribution to N(E F ) for MgB 2 . It was shown [4] [5] [6] [7] [8] , that the existence of degenerate p x,y -states above E F at the Γ point in the Brillouin zone is crucial for the MTSC in diborides. The B 2p z -bands are responsible for the weaker pp π -interactions and these 3D-like bands have maximum dispersion along Γ − A.
The bonding and antibonding B p z bands cross E F at the K point and the location and dispersion of these bands depend on the M-B hybridization. For the transition metal diboride, ScB 2 , which is isoelectronic to AlB 2 , the 2D-2p x,y bands are not completely filled and there is a small hole concentration of these states at A (Fig. 2) . The Sc 3d-band is below E F along Γ − M and gives a large contribution to N(E F ). The covalent M-B bonding increases compared with AlB 2 and the B 2p z -like bands are shifted downwards at K. ScB 2 is only a low temperature superconductor, T C ∼ 1.5 K 15 .
The band structure and chemical bonding of all 3d-metal diborides were previously investigated in detail 16, 17 . These studies showed that the cohesive properties of The electric field gradient (EFG) tensor was calculated directly from the FLMTO electron density rather than as the sum of valence electrons and lattice contributions with 3 corresponding Sternheimer antiscreening and screening factors since this way excludes a lot of inaccuracies. In Table 1 (Table   1 ).
The variation of the boron EFG may be qualitatively analyzed using our diboride band structure calculations and the fact that the boron EFG is mainly defined by the anisotropy of B 2p i partial charges:
One may consider the < 1/r 3 > expectation value to be constant for all diborides discussed. Thus, the variation of EFG will be determined by the interplay of p z and p x , p y occupations. As follows from the band structure, the p x , p y orbitals are more occupied compared with p z orbitals and the V zz is negative. For MgB 2 the large value of V zz may be explained by the existence of p x , p y hole bands forming cylindrical Fermi surfaces (FS) along Γ − A. For BeB 2 , the FS along Γ − A transforms to cones (p x,y bands in BeB 2 being below E F at Γ), but the p x,y occupation changes only a little compared with MgB 2 because the top of the p x,y bands are shifted up at A (Fig. 1) . The p z band lies deeper at A, leads to an increase of p z charge and, consequently, to the increase of the EFG for BeB 2 compared with MgB 2 .
For AlB 2 , the p z occupation should be larger compared with MgB 2 , but the p x,y bands are completely filled and the increase of the p x , p y charges leads to a substantial decrease of V zz . Among the 3d-diborides, the EFG is largest for ScB 2 and CrB 2 , but the reasons for their large values are different: for ScB 2 , this may be explained by the partly unoccupied p x,y bands. For other diborides, the σ(p x , p y ) bands are completely filled, which results in a maximum value of the partial p x , p y charges and the variation of EFG is determined by the p z occupation. For TiB 2 , the p z charge is the smallest among the M = Ti, V, Cr diborides, and this corresponds to the smallest EFG. When the antibonding p z states begin to fill (VB 2 ), the boron EFG increases a little. For CrB 2 , the p z bands are fully occupied (Fig.2); this results in the largest p z charge, which compensates the decreasing effect from the filling of the p x,y bands and the EFG is the largest among the 3d-diborides with completely filled bonding states.
We also investigated the effect of hydrostatic pressure on the EFG at Mg and B sites in MgB 2 . We modeled the high pressure changes in crystal parameters (inÅ) according to the neutron results of Jorgensen et al 25 and calculated the relative changes of the EFG's -as shown in Fig. 3 . It is seen that the boron EFG is almost constant up to 10 GPa and that the Mg EFG increases rapidly. As the EFG is a very sensitive characteristic of the electronic charge distribution, one may conclude that no large changes in the partial charges of the B 2p states and boron electronic structure take place under pressure.
This conclusion is supported by estimates of the electron-phonon constants under pressure. Now, it is known that pressure leads to a decrease of T C as dT C /dP = -1.6K/GPa 24 .
From our calculations, we found that despite the small decrease of N(E F ) (dN(E F )/dP = -0.51%/GPa), the Hopfield constant increases with pressure as dη/dP = + 0.55%/Gpa.
Thus, according to the McMillan formula, the main reason for the reduction of T C under pressure is the strong pressure dependence of the phonon frequencies, which is sufficient to compensate the electron effects. Thus, both the EFG calculations and the estimate of the Hopfield constant demonstrate that the boron electronic system is not greatly changed under pressure up to 10 GPa. Hence, we disagree with the conclusion of Ref. 26 , where the B p x,y occupancy is considered to be altered by pressure -in contrast to the B p z states.
Indeed, we found small changes in the dispersion and location of the B p x,y bands of In summary, we can conclude that the main factor controlling the boron EFG in diborides is the occupation of the strongly bonding σ bands. Since the existence of hole p x,y states is the necessary condition for the medium-T C superconductivity, new compounds based on AlB 2 -type diborides with large boron EFG may be considered as good candidates for MTSC.
It should be noted that this condition is necessary but not sufficient for MTCS, as shown 
